Introduction {#s0001}
============

Colorectal cancer (CRC), the third most prevalent malignancy worldwide, has high morbidity and mortality.[@cit0001] Previous study has reported that 50--60% of CRC patients die of distant metastasis.[@cit0002] The 5-year survival rate of these patients is less than 10%, resulting from their non-adaptation to surgical treatment.[@cit0003] Thus, it is of great urgency to identify the underlying mechanisms associated with the development of metastasis.

LncRNAs are a class of noncoding RNAs of more than 200 nucleotides in length and have a limited protein-coding ability.[@cit0004] Accumulating evidence have been presented that lncRNAs regulated the physiological and pathological processes in multiple types of tissues and cell lines, and multiple biological events, such as the process of the cell differentiation, apoptosis, metastasis and tumorigenesis.[@cit0005]--[@cit0007] Recently, several lncRNAs were reported frequently abnormally expression in CRC, and have related to CRC progression.[@cit0008],[@cit0009] But, the molecular regulation mechanism during CRC progression remains unelucidated.

LINC00460 from chromosome 13 has been reported to be dysregulated and functioned as an oncogene in multiple types of cancers, including non‐small cell lung cancer,[@cit0010] esophageal squamous cell carcinoma,[@cit0011] nasopharyngeal carcinoma,[@cit0012] head and neck squamous cell carcinoma.[@cit0013] Previous study has been reported that LINC00460 was markedly up-regulated in CRC tissues, and closely associated with the clinical stage of CRC.[@cit0014] Nevertheless, the role of LINC00460 in CRC progression has yet to be clarified.

Our study aims are to ascertain the role of LINC00460 in CRC progression. Our results indicated that LINC00460 was remarkably up-regulated in CRC tissues and cell lines. Then, knockdown of LINC00460 significantly inhibited the number of cell proliferation, migration, and invasion in HT29 and LOVO. Mechanistically, LINC00460 obviously suppressed the number of cell proliferation, migration, and invasion in HT29 and LOVO by regulating miR‐613/SphK1 axis. In short, all findings indicated regulation function of LINC00460/miR‐613/SphK1 in CRC progression, which might provide a new treatment strategy for CRC disease.

Materials and Methods {#s0002}
=====================

Patient and Tissue Samples {#s0002-s2001}
--------------------------

Seventy-four CRC tissues and adjacent normal tissues were collected from CRC patients at Jilin University First Hospital (Changchun, China) between August 2012 and August 2013. Clinicopathological features of CRC patients are shown in [Table 1](#t0001){ref-type="table"}. Our study was performed in strict accordance with the Declaration of Helsinki and approved by the Ethical Committee of Jilin University First Hospital. Written informed consent was received from all patients whose tissues were used.Table 1Correlation Between Clinicopathological Features and LINC00460 Expression in 74 Patients with Colorectal CancerVariablesnLINC00460 Expression (%)PHighLowAge (years)0.924 \<50341915 ≥50401723Gender0.083 Male411526 Female332112Clinical stage0.0016\*\* I20416 II1798 III17107 IV20137T classification0.0078\*\* T1+T2351223 T3+T4392415N classification0.0108\* N022517 N125178 N2271413M classification0.0038\*\* M0341222 M1402416Liver metastasis0.0075\*\* No351025 Yes392613Pathologic differentiation0.0064\*\* Poor23716 Moderate23149 Well281513[^1]

Cell Culture {#s0002-s2002}
------------

Human colon cancer cell lines (HT29, HCT116, SW480, and LOVO) and normal human colon epithelial cell line (NCM460) were obtained from Solaribio (Beijing, China) and cultured in RPMI1640 medium supplemented with 10%FBS (HyClone, USA), 100 IU/mL penicillin, and 100 mg/mL streptomycin at 37°C in a humidiﬁed with 5% CO~2.~

Oligonucleotide and Cell Transfection {#s0002-s2003}
-------------------------------------

Effective small interfering RNA oligonucleotides that targeted *LINC00460* (si-LINC 00460; 5ʹ-GUGUCAACAACCUGUUUAAUU-3ʹ) and negative control small interfering RNA (si-NC; 5ʹ-UUCUCCGAACGUGUCACGUTT-3ʹ) were chemically synthesized by RiboBio (Guangzhou, China). *MiR-613* mimics: (5ʹ-AGGAAUGUU CCUUCUUUGCC-3ʹ), negative control (NC mimic, 5ʹ-UUCUCCGAACGUGUCAC GUTT), *miR-613* inhibitor: (5ʹ-GGCAAAGAAGGAACAUUCCT-3ʹ) and corresponding negative control (NC inhibitor,5ʹ-AUCCGUAGGCGUUAGCCUAU-3ʹ) were also obtained from RiboBio. Then, all the oligonucleotides were transfected into HT29 and procedure of the manufacturer's instructions.

Cell Counting Kit-8 (CCK-8) {#s0002-s2004}
---------------------------

Cell proliferative ability was assessed by Cell Counting Kit‐8 reagent (CCK‐8; Dojindo, Tokyo, Japan). In brief, transfected cells (5x10^3^ cells/well) were added into a 96-well plate and incubated at 37°C with 5% CO~2~ for 24--72 h. Then, 10 µl of CCK-8 solution was added to each cell well and the plates continued to incubate for 2h. The absorbance (OD) at 450 nm was determined with the microplate reader.

Wound Healing Assay {#s0002-s2005}
-------------------

Transfected cells (5x10^4^ cells/well) were added into a 6‐well plate, and cultured until 100% confluence. Monolayers were wounded using a sterile plastic micropipette tip. After washing with PBS for 10min, cells were cultured and observed at 0 and 24 h, and then photographed under an inverted phase‐contrast Microscope (Olympus, Tokyo, Japan). Migration distance (units) was assessed using the Image J software.

Transwell Invasion Assay {#s0002-s2006}
------------------------

Cells invasive ability was measured by Transwell invasion chambers (Corning, Tewksbury, MA, USA) covered with a membrane with 8um pores. In brief, transfected cells (2×10^5^) in serum‐free medium were added to the upper chamber, which had been precoated with Matrigel (BD Biosciences). Whereas medium containing 10% FBS was added to the lower chambers as a chemoattractant. After incubation for 48h at 37°C, the invaded cells of the membrane were fixed in 20% methanol, and then stained with 0.1% crystal violet. Finally, the invaded cells were counted in five randomly fields (×400) under an inverted phase‐contrast microscope (Olympus, Tokyo, Japan).

Cell Apoptotic Rates {#s0002-s2007}
--------------------

Cells after being transfected with oligonucleotides were trypsinized and fixed by ice‐cold 70% ethanol for the duration of 30 min. After that, the transfected cells were incubated with 20mg/mL RNase (Sigma‐Aldrich) at 37°C for the duration of 1h. For cell apoptosis analysis, cells were stained with FITC Annexin V and propidium iodide (Beyotime, Beijing, China), and then apoptotic cells were detected using a FACSCalibur flow cytometer (BD Biosciences, Franklin Lakes, NJ).

Caspase-3 Activity {#s0002-s2008}
------------------

Cells after being transfected with oligonucleotides were subjected to the caspase‐3 activity determination using a Caspase‐3 activity assay kit (Abcam, Cambridge, UK) according to the manufacturer's protocol.

Dual-Luciferase Reporter Assay {#s0002-s2009}
------------------------------

According to the miRcode bioinformatics tools ([<http://www.mircode.org/>]{.ul}), we found that LINC00460 was predicted to be a directly regulated target of miR‐613. Then, we amplified the 3ʹ-untranslated region (3ʹ-UTR) fragment of LINC00460 and cloned into psiCHECK-2 vectors, which was named as Wt-LINC00460. LINC00460-3ʹ- UTR-mutant was constructed, which named as Mut-LINC00460. For reporter assays, 200 ng of reporter plasmid and 100 nM of either miR-613 mimics or miR-613 inhibitor were co-transfected into HT29 and LOVO cells for 48h. The luciferase activity assays were measured using a Dual-Luciferase Reporter Assay System (Promega Corporation, Fitchburg, WI, USA) according to the manufacturer's protocol. The relative luciferase activity was normalized to Renilla luciferase activity.

RNA Immunoprecipitatation {#s0002-s2010}
-------------------------

HT29 and LOVO cells were co-transfected with pSL-MS2, pSL-MS2-LINC00460 or pSL-MS2-LINC00460 (MUT) along with pMS2-GFP (Addgene). At 48 h after co-transfection, cells were processed to perform RNA immunoprecipitation (RIP) experiments using a GFP antibody (Roche, Basel, Switzerland) and the Magna RIP^TM^ RNA-Binding Protein Immunoprecipitation Kit (Millipore, Burlington, USA) according to the manufacturer's protocol. The RNA fraction was then purified and analysed by qRT-PCR.

Reverse Transcription and Quantitative Real-Time PCR (qRT‐PCR) {#s0002-s2011}
--------------------------------------------------------------

Total RNA from CRC tissues and cells were collected using a Trizol reagent (Thermo Fisher Scientific), respectively. cDNA was synthesized from total RNA by a RNA PCR Kit (Takara, Dalian, China). Real‐time PCR was conducted with the 7900 Real‐Time PCR System (Applied Biosystems). GAPDH and U6 were used to normalize the expression levels of LINC00460/Sphk1 and miR-613, respectively. Relative expression levels were analyzed using the −2ΔΔCt method. Primer sequences were presented as follows ([Table 2](#t0002){ref-type="table"}): miR-613: forward: 5ʹ-CGCAGCA CACCTGCTTTTTG-3ʹ, reverse: 5ʹ-AGAGATTCGGGTCGATGCTC-3ʹ; U6: forward: 5ʹ-TC CGATCGTGAAGCGTTC-3ʹ, reverse:5ʹ-GTGCAGGGTCCGAGGTable 2Real-Time PCR Primers Used for mRNA Expression AnalysisTarget GenesPrimer (5ʹ-3ʹ)*LINC00460*Forward5ʹ-GTGGATGAGAACGAAGGTTACG-3'Reverse5ʹ-CTTTCCCACGCTCAGTCTTT-3'*miR-613*Forward5ʹ-CGCAGCACACCTGCTTTTTG-3'Reverse5ʹ-AGAGATTCGGGTCGATGCTC-3'*Sphk1*Forward5ʹ-CCTTCCTCCTTCCCTAGGG-3'Reverse5ʹ-TAGAAGGCCTTACATAGGCAGC-3'*U6*Forward5ʹ-TCCGATCGTGAAGCGTTC-3'Reverse5ʹ-GTGCAGGGTCCGAGGT-3'*GAPDH*Forward5ʹ-AAGGTGAAGGTCGGAGTCAA-3'Reverse5ʹ-AATGAAGGGGTCATTGATGG-3'[^2]

T-3ʹ; LINC00460: forward: 5ʹ-GTGGATGAGAACGAAGGTTACG-3ʹ, reverse: 5ʹ-CTTTCCCACGCTCAGTCTTT-3ʹ; Sphk1: forward: 5ʹ-CCTTCCTCCTTCCCTA

GGG-3ʹ, reverse: 5ʹ-TAGAAGGCCTTACATAGGCAGC-3ʹ GAPDH: forward: 5ʹ-

AAGGTGAAGGTCGGAGTCAA-3ʹ, reverse: 5ʹ-AATGAAGGGGTCATTGATGG-3ʹ.

Western Blot Analysis {#s0002-s2012}
---------------------

Total protein from CRC tissues and CRC cells were extracted by using RIPA lysis buffer (Solarbio, Beijing, China) and qualified using a BCA kit (Solarbio, Beijing, China). Protein (80ug) was separated on the 10% SDS-PAGE gel and then transferred into PVDF membranes (Solarbio, Beijing, China). After blocking with 5% skim milk, the membrane was incubated with the primary antibody overnight at 4°C. Then, the membranes were incubated with the HRP-conjugated goat anti-rabbit IgG (1:3000; ab97051, Abcam, Cambridge, UK) at room temperature for 2h. Protein bands were visualized using an enhanced chemiluminescence (ECL) detection system (Thermo Fisher Scientific). The primary antibody was presented as follows: SphK1 (1:1200; ab71700, Abcam, Cambridge, UK) and GAPDH (1:3000; ab9485, Abcam, Cambridge, UK).

In vivo Xenograft Model {#s0002-s2013}
-----------------------

All animal experimental procedures were under the approval of the Animal Research Committee of Jilin University First Hospital and followed the ARRIVE guidelines. Six 4w-old BALB/c nude mice were randomly divided into two groups. H29 cells transfected with si-NC or si-LINC00460 (2x10^6^ cells/mice) were administered into the neck area of the nude mice by subcutaneous injections. The tumour volume of the mice was monitored up to 42d with measurement at a 7d interval. The tumour volume was calculated using the following formula: volume = (width x length x height)/2.

Statistical Analysis {#s0002-s2014}
--------------------

Statistical analysis was performed using SPSS software (version 19.0, IBM, Chicago, USA). All findings were presented as mean±standard deviation (SD). Comparison for two groups was assessed by the Student' *t* test, comparison of multiple groups was performed through the one-way analysis of variance. The correlations were conducted with the Spearman's rank test. P-values of 0.05 or less were considered significant statistical difference.

Results {#s0003}
=======

LINC00460 Was Increased and Closely Correlated with Poor Prognosis in CRC {#s0003-s2001}
-------------------------------------------------------------------------

We first investigate the LINC00460 expression profiles in 74 CRC tissues and adjacent normal tissues by qRT-PCR assay. As illustrated in [Figure 1A](#f0001){ref-type="fig"}, LINC00460 was up-regulated in most (66/74, 89.2%) CRC tissues compared to the corresponding control. Then, we detected the LINC00460 expression with a different clinical pathological status of CRC tissues, we found that LINC00460 was gradually increased with the advanced staging of CRC ([Figure 1B](#f0001){ref-type="fig"}), and LINC00460 expression up-regulation was more prevalent present in CRC patients with liver metastasis ([Figure 1C](#f0001){ref-type="fig"}) and lymph node metastasis ([Figure 1D](#f0001){ref-type="fig"}). Based on the median expression of LINC00460, we divided CRC patients into high LINC00460 expression group and low LINC00460 expression group. Moreover, we assessed the correlation between LINC00460 and clinical features in CRC patients. Our findings indicated that high LINC00460 level was closely correlated with shorter survival rate ([Figure 1E](#f0001){ref-type="fig"}, P\<0.01), clinical stage (P=0.002), metastasis (M) classification (P=0.004), nodal (N) classification (P=0.011), and liver metastasis (P=0.008) ([Figure 1E](#f0001){ref-type="fig"} and [Table 2](#t0002){ref-type="table"}). Further, LINC00460 expression was presented at cellular level, LINC00460 was markedly increased in CRC cell lines (HT29, HCT116, SW480, and LOVO) compared to the NCM460 cells ([Figure 1F](#f0001){ref-type="fig"}, P \< 0.01).Figure 1LINC00460 was up-regulated and correlated with poor prognosis in CRC. (**A**) Expression of LINC00460 was examined by qRT‐PCR assay in CRC tissues (n = 74). (**B**) LINC00460 was gradually elevated with advanced staging as measured by an in situ hybridization assay. (**C** and **D**) Expression of LINC00460 was up-regulated in patients with liver metastasis (**C**) and lymph node metastasis (**D**) by qRT-PCR assay. (**E**) The overall survival in the patients with high LINC00460 was significantly shorter than that in the patients with low LINC00460, p\<0.0001 as determined by Kaplan-Meier analyses. (**F**) LINC00460 expression was remarkably elevated in CRC cell lines HT29, HCT116, SW480 and LOVO. \*p\<0.05, \*\*p\<0.01.

LINC00460 Knockdown Inhibited Cell Proliferation, Migration, and Invasive Potentials and Increased Cell Apoptotic Rates and Caspase-3 Activity in HT29 and LOVO Cells {#s0003-s2002}
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

We further explored that LINC00460 might play a role in CRC metastasis. We first transfected LINC00460 siRNA and si-NC into HT29 and LOVO cell lines to knockdown of LINC00460. si-LINC00460 transfection markedly decreased the expression of LINC00460 in HT29 and LOVO cell lines by qRT-PCR assay ([Figure 2A](#f0002){ref-type="fig"}; p\<0.001). Then, we also detected the cell proliferation, migration, invasion, cell apoptotic rates and caspase-3 activity of HT29 and LOVO cells transfected with si-LINC00460. LINC00460 knockdown remarkably suppressed cell proliferation ([Figure 2B](#f0002){ref-type="fig"} and [C](#f0002){ref-type="fig"}; p \< 0.001), migration ([Figure 2D](#f0002){ref-type="fig"}; p \< 0.001) and invasion ([Figure 2E](#f0002){ref-type="fig"}; p \< 0.01) of HT29 and LOVO cells. Moreover, cell apoptosis ([Figure 2F](#f0002){ref-type="fig"}, p\<0.01) and caspase-3 activity ([Figure 2G](#f0002){ref-type="fig"}, p\<0.01) were obviously increased after si-LINC00460 transfection in HT29 and LOVO cells.Figure 2LINC00460 knockdown inhibited cell proliferation, migration, and invasive potentials and increased cell apoptotic rates and caspase-3 activity in HT29 and LOVO cells. (**A**) Relative expression of LINC00460 was examined by qRT‐PCR in HT29 and LOVO cells transfected with si‐NC or si‐LINC00460. (**B** and **C**) Cell proliferation was examined by CCK‐8 assay in HT29 (**B**) and LOVO (**C**) cells transfected with si‐NC or si‐LINC00460. (**D**) Cell migration was detected by wound healing assay in HT29 and LOVO cells transfected with si‐NC or si‐LINC00460. (**E**) Cell invasion was determined by transwell invasion assay in HT29 and LOVO cells transfected with si‐NC or si‐LINC00460. (**F**) Cell apoptosis and (**G**) caspase-3 activity of HT29 and LOVO cells after si-NC or si-LINC00460 transfection were detected by flow cytometry and caspase-3 activity assay, respectively. \*\*p \< 0.01, \*\*\*p \< 0.001.

LINC00460 Down-Regulated miR‐613 Expression in HT29 and LOVO Cells {#s0003-s2003}
------------------------------------------------------------------

Previous study has been demonstrated that lncRNA serves as a competing endogenous RNAs (ceRNA) to exert its regulatory functions.[@cit0015] Hence, we used miRcode software to predict the potential targets of LINC00460. Our findings indicated that miR‐613 was a directly potential target of LINC00460. To further validate it, we also performed the luciferase reporter assay. As illustrated in [Figure 3A](#f0003){ref-type="fig"}, Luciferase reporter plasmids with fragments of LINC00460 (wild type or mutated) were constructed. Transfection by miR-613 mimics successfully increased miR-613 expression ([Figure 3B](#f0003){ref-type="fig"}, p\<0.01). Co-transfection with miR-613 mimics and reporter vectors with fragment of Wt-LINC00460 remarkably attenuated luciferase activity in HT29 and LOVO cells, whereas miR‐613 inhibitor elevated the activity ([Figure 3C](#f0003){ref-type="fig"} and [D](#f0003){ref-type="fig"}; p \< 0.01). However, when the binding site was mutated, miR‐613 mimics or inhibitors failed to attenuate the luciferase activity, which suggested that miR‐613 directly bond to LINC00460 ([Figure 3C](#f0003){ref-type="fig"} and [D](#f0003){ref-type="fig"}; p \> 0.05). More importantly, the RIP assay showed LINC00460 RIP was markedly enriched for miR-613 in HT29 and LOVO cells compared with MS2 and the mutant vector ([Figure 3E](#f0003){ref-type="fig"}, p\<0.01). Furthermore, miR-613 downregulation was analyzed in HT29 and LOVO cells compared to the normal cells ([Figure 3F](#f0003){ref-type="fig"}, p\<0.01). miR-613 over-expression remarkably reduced the LINC00460 expression in HT29 and LOVO cells, whereas miR-613 inhibitor restored the LINC00460 expression in HT29 and LOVO cells ([Figure 3G](#f0003){ref-type="fig"} and [H](#f0003){ref-type="fig"}; p \< 0.01). Moreover, LINC00460 knockdown obviously elevated the miR-613 expression in both HT29 and LOVO cells by qRT-PCR assays ([Figure 3I](#f0003){ref-type="fig"}; p \< 0.01).Figure 3LINC00460 down-regulated miR‐613 expression in HT29 and LOVO cells. (**A**) Putative miR-613 binding sequences of LINC00460 and the reporter constructs showing the wild type (Wt) LINC00460 sequence and the mutant (Mut) LINC00460 sequence. (**B**) qRT-PCR analysis of miR-613 expression levels in HT29 and LOVO cells after miR-NC or miR-613 mimics transfection. (**C** and **D**) Luciferase activity was examined in HT29 and LOVO cells co-transfected with Wt‐LINC00460‐3′‐UTR or Mut‐LINC00460‐3′‐UTR reporter plasmid and miR‐613 mimic, miR‐NC and miR‐613 inhibitor. (**E**) MS-RIP followed by qRT-PCR to detect the interaction between LINC00460 and miR-613 in HT29 and LOVO cells. (**F**) qRT-PCR analysis of miR-613 expression levels in normal cell line, and HT29 and LOVO cell lines. (**G** and **H**) Relative expression of LINC00460 was examined by qRT‐PCR in HT29 and LOVO cells transfected with miR‐NC, miR‐613 mimic, and miR‐613 inhibitor. (**I**) Relative expression of miR‐613 was determined in HT29 and LOVO cells transfected with si‐NC or si‐LINC00460 by qRT‐PCR. U6 was used as internal control. \*\*p \< 0.01.**Abbreviations:** Wt, wild‐type; Mut, mutant‐type; 3′‐UTR, 3′‐untranslated region.

MiR‐613 Mediated the Tumor-suppressive Effects of LINC00460 Knockdown on HT29 and LOVO Cells {#s0003-s2004}
--------------------------------------------------------------------------------------------

To further investigate whether LINC00460 exerted a biological function role in CRC, depending on the negative regulation of miR‐613, we knocked down LINC00460 and suppressed miR‐613 in the same time in HT29 and LOVO cells, subsequently, we detected the cell proliferation, migration and invasion. Our findings indicated that LINC00460 knockdown markedly increased miR‐613 expression, whereas miR-613 inhibitor restores miR-613 expression in both HT29 and LOVO cells ([Figure 4A](#f0004){ref-type="fig"} and [B](#f0004){ref-type="fig"}; p \< 0.05). Meanwhile, LINC00460 knockdown remarkably inhibited cell proliferation ([Figure 4C](#f0004){ref-type="fig"} and [D](#f0004){ref-type="fig"}; p \< 0.05), migration ([Figure 4E](#f0004){ref-type="fig"}; p \< 0.05) and invasion ([Figure 4F](#f0004){ref-type="fig"}; p \< 0.05) in HT29 and LOVO cells, whereas miR-613 inhibitor in the meantime abrogated inhibition effects by LINC00460 knockdown.Figure 4MiR‐613 mediated the tumor‐suppressive effects of LINC00460 knockdown on HT29 and LOVO cells. (**A** and **B**) Relative expression of miR‐613 was determined in (**A**) HT29 and (**B**) LOVO cells transfected with si‐NC, si‐LINC00460, and si‐LINC00460 + miR‐613 inhibitor. (**C** and **D**) Cell proliferation was determined by CCK‐8 assay in HT29 (**C**) and LOVO (**D**) cells transfected with si‐NC, si‐LINC00460, and si‐LINC00460 + miR-613 inhibitor. (**E** and **F**) Cell migration (**E**) and invasion (**F**) were determined in HT29 and LOVO cells transfected with si‐NC, si‐LINC00460, and si‐LINC00460 + miR‐613 inhibitor. \*p \< 0.05, \*\*p \< 0.01.

SphK1 is Targeted by miR-613 in HT29 and LOVO Cells {#s0003-s2005}
---------------------------------------------------

SphK1, a oncogene that facilitates cancer progression in various cancers, was identified as a downstream effector of miR‐613.[@cit0016] Hence, luciferase reporter assay was performed to confirm this interaction. Reporter plasmids containing the wild-type or mutated 3ʹ-UTR of SphK1 were constructed ([Figure 5A](#f0005){ref-type="fig"}). Co-transfection with miR-613 mimics and reporter vectors with the SphK1 3ʹ-UTR (wild-type) inhibited luciferase activity ([Figure 5B](#f0005){ref-type="fig"} and [C](#f0004){ref-type="fig"}, p\<0.01), while co-transfection with miR-613 mimics and reporter plasmids with mutated SphK1 3ʹ-UTR failed to change luciferase activity in HT29 and LOVO cells ([Figure 5B](#f0005){ref-type="fig"} and C, p\>0.05). MiR-613 over-expression inhibited the expression of SphK1 mRNA ([Figure 5D](#f0005){ref-type="fig"}, p\<0.01) and protein ([Figure 5E](#f0005){ref-type="fig"}, p\<0.01) in HT29 and LOVO cells. LINC00460 silence down-regulated SphK1 mRNA ([Figure 5F](#f0005){ref-type="fig"}, p\<0.01) and protein ([Figure 5G](#f0005){ref-type="fig"}, p\<0.01) expression.Figure 5SphK1 is targeted by miR-613 in HT29 and LOVO cells. (**A**) Putative miR-613 binding sequences in the 3ʹ-UTR of SphK1 and the reporter constructs showing the wild type (Wt) SphK1 3ʹ-UTR sequence and the mutant (Mut) SphK1 3ʹ-UTR sequence. (**B** and **C**) miR-613 mimics transfection suppressed the luciferase activity of the Wt but not the MUT SphK1 3ʹ-UTR reporter in HT29 and LOVO cells. (**D**) qRT-PCR analysis and (**E**) Western blot analysis of SphK1 mRNA and protein expression levels in HT29 and LOVO cells after miR-NC or miR-613 mimics transfection. (**F**) qRT-PCR analysis and (**G**) Western blot analysis of SphK1 mRNA and protein expression levels in HT29 and LOVO cells after si-NC or si-LINC00460 transfection. \*\*p \< 0.01.

In addition, pcDNA3.1-SphK1 transfection markedly elevated the SphK1 mRNA ([Figure 6A](#f0006){ref-type="fig"}, p\<0.01) and protein ([Figure 6B](#f0006){ref-type="fig"}, p\<0.01) expression, and the SphK1 expression was obviously increased in HT29 and LOVO cells ([Figure 6C](#f0006){ref-type="fig"}, p\<0.01). Moreover, SphK1 over-expression restored the reduced cell proliferation ([Figure 6D](#f0006){ref-type="fig"}, [6E](#f0006){ref-type="fig"}; p\<0.05, p\<0.01) and invasion abilities ([Figure 6F](#f0006){ref-type="fig"} and G; p\<0.05, p\<0.01) induced by miR-613 mimics transfection or LINC00460 knockdown in HT29 and LOVO cells.Figure 6SphK1 is targeted by miR-613 in HT29 and LOVO cells. (**A**) qRT-PCR analysis and (**B**) Western blot analysis of SphK1 mRNA and protein expression levels in HT29 and LOVO cells after pcDNA3.1 or pcDNA3.1-SphK1 transfection. (**C**) qRT-PCR analysis of SphK1 mRNA expression levels in normal cell line (NCM460) and CRC cell lines (HT29, HCT116, SW480 and LOVO). (**D**) Cell proliferation and (**E**) cell invasion of HT29 and LOVO cells co-transfected with pcDNA3.1+miR-NC, pcDNA3.1+miR-613 mimics, or pcDNA3.1-SphK1+miR-613 mimics were detected by CCK-8 assay and Transwell invasion assay, respectively. (**F**) Cell proliferation and (**G**) cell invasion of HT29 and LOVO cells co-transfected with si-NC + pcDNA3.1, si-LINC00460+pcDNA3.1, si-LINC00460+pcDNA3.1-SphK1 were detected by CCK-8 assay and Transwell invasion assay, respectively. \*p \< 0.05, \*\*p \< 0.01.

LINC00460 Knockdown Inhibited in vivo Xenograft Tumour Growth {#s0003-s2006}
-------------------------------------------------------------

The nude mice were injected subcutaneously with HT29 cells after being transfected with si‐NC or si‐LINC00460. Our observed that LINC00460 knockdown markedly decreased tumor volume at 28, 35 and 42 days ([Figure 7A](#f0007){ref-type="fig"}, p\<0.01). Meanwhile, compared to si-NC group, tumor weight of LINC00460 knockdown group remarkably reduced ([Figure 7B](#f0007){ref-type="fig"}, p\<0.01). LINC00460 expression was decreased in the si‐LINC00460 group compared to the si‐NC group ([Figure 7C](#f0007){ref-type="fig"}, p\<0.01), whereas miR‐613 expression was increased in the si‐LINC00460 group compared to the si‐NC group ([Figure 7D](#f0007){ref-type="fig"}, p\<0.01). Moreover, SphK1 expression was obviously decreased in the si‐LINC00460 group ([Figure 7E](#f0007){ref-type="fig"}, p\<0.01).Figure 7LINC00460 knockdown inhibited in vivo xenograft tumour growth. (**A**) Tumour volume and (**B**) tumour weight changes in the mice bearing HT29 cells with si-NC or si-LINC00460 transfection. (**C**) qRT-PCR analysis of LINC00460 expression levels in the isolated tumour tissues. (**D**) qRT-PCR analysis of miR-613 expression levels in the isolated tumour tissues. (**E**) qRT-PCR analysis of SphK1 mRNA and protein expression levels in the isolated tumour tissues. N = 3.\*\*p \< 0.01.

MiR-613 Downregulation and SphK1 Upregulation in CRC Tissues from CRC Patients {#s0003-s2007}
------------------------------------------------------------------------------

Results from the qRT‐PCR assay found that miR‐613 expression levels were decreased ([Figure 8A](#f0008){ref-type="fig"}, p\<0.01), while SphK1 mRNA expression levels were increased in CRC tissues when compared with adjacent normal tissues ([Figure 8B](#f0008){ref-type="fig"}, p\<0.01). Further correlation analysis showed that LINC00460 expression levels were inversely correlated with miR-613 expression levels ([Figure 8C](#f0008){ref-type="fig"}; p\<0.05) and positively correlated with those of SphK1 in CRC tissues ([Figure 8D](#f0008){ref-type="fig"}; p\<0.05).Figure 8MiR-613 downregulation and SphK1 upregulation in CRC tissues from CRC patients. (**A**) qRT-PCR analysis of miR-613 expression levels in adjacent normal tissues and tissues from CRC patients. (**B**) qRT-PCR analysis of SphK1 mRNA expression levels in adjacent normal tissues and tissues from CRC patients. (**C**) Spearman correlation analysis was used to determine the correlations between LINC00460 expression level and miR‐613 in CRC tissues. (**D**) Spearman correlation analysis was used to determine the correlations between LINC00460 expression level and SphK1 mRNA expression levels in CRC tissues. \*\*p \< 0.01.

Discussion {#s0004}
==========

Growing evidence has been reported that lncRNAs involve in multiple types of cancer-related biological abnormal behaviors, such as proliferation, apoptosis and metastasis.[@cit0017]--[@cit0019] As a newly identiﬁed lncRNA, LINC00460 has been reported to be closely correlated with progression in several types of cancers. For example, LINC00460 facilitated nasopharyngeal carcinoma tumorigenesis through regulating miR-149-5p/IL6 signal pathway.[@cit0013] LINC00460 contributed to cell migration, invasion, and promoted epithelial--mesenchymal transition in non-small-cell lung cancer.[@cit0010] LINC00460 depletion inhibited esophageal squamous carcinoma cell growth, cell cycle and apoptosis.[@cit0011] Although LINC00460 was increased and positively associated with the clinical stage of CRC,[@cit0014] the function and underlying mechanism of LINC00460 remain unclarified. Hence, we first detected the LINC00460 expression in CRC tissues and cell lines by qRT‐PCR assay. Our results indicated that LINC00460 was increased in the CRC tissues and cell lines, and elevated LINC00460 expression was closely associated with CRC patients' clinicopathological features, such as M classiﬁcation (P=0.004), N classiﬁcation (P=0.011), and liver metastasis (P=0.008), which was consistent with Zhang et al's result.[@cit0014] Further, we explored the function of LINC00460 knockdown. We observed that LINC00460 knockdown remarkably suppressed the number of cell proliferation, migration and invasion in HT29 and LOVO. In short, our results revealed that LINC00460 acted as the oncogene role in CRC progression.

Multiple lncRNAs was served as a ceRNAs to sponge miRNAs through competitively binding the 3ʹ-UTR site of microRNAs.[@cit0020] Hence, we wonder whether LINC00460 might also act as a ceRNA exerting its biological function in CRC progression. To investigate the correlation between both LINC00460 and miRNA, we observed that the miR-613 could tightly bind to LINC00460 through bioinformatics analysis. MiR-613 was identified to function as a tumor suppressor in several cancers.[@cit0021]--[@cit0023] Importantly, miR-613 over-expression markedly inhibited the number of cell proliferation, migration and invasion in CRC.[@cit0024] Moreover, we identified that LINC00460 directly bond to miR-613 by luciferase reporter analysis. Meanwhile, miR-613 over-expression decreased LINC00460 expression, whereas under/over-expression of miR-613 elevated LINC00460 expression in HT29 and LOVO cells. Meanwhile, LINC00460 knockdown elevated miR-613 expression in HT29 and LOVO cells. Our results suggested that LINC00460 was a target of miR-613 in CRC. To further verification whether LINC00460 could play oncogene roles in CRC by inhibiting miR-613 expression. Our results revealed that inhibitory effects on the number of cell proliferation, migration, invasion and increased cell apoptotic rates induced by LINC00460 knockdown were partially reversed by inhibiting miR-613 in the meantime. In brief, LINC00460 contributed to CRC progression by negatively regulating miR-613.

It is well known that the binding of miRNAs to lncRNAs could reduce miRNA levels, which leads to elevating miRNA target gene expression.[@cit0025],[@cit0026] SphK1 has been identified to be a target of miR‐613.[@cit0016] To ascertain whether LINC00460 regulated SphK1 expression through competitively binding to miR‐613. qRT‐PCR and Western blot assays were performed. LINC00460 knockdown led to significant reduction of SphK1 mRNA and protein expression in both HT29 and LOVO cells, whereas miR-613 inhibitor reversed the trends. Meanwhile, LINC00460 was positively correlated with SphK1 expression in CRC tissues. Hence, we infer that LINC00460 modulated the SphK1 expression, at least in most part, by competitively binding to miR-613 in CRC.

However, this study has several limitations that should be addressed. The link between LINC00460 expression and the overall survival of CRC patients should be examined to further confirm the prognostic potential of LINC00460 in CRC. Localization of LINC00460 should be determined by immunohistochemistry to confirm the up-regulation of LINC00460 in CRC tissues. In addition, because LINC00460 and miR-613 have more than just one targeted gene, other potential targets of LINC00460 and miR-613 may be investigated in future studies.

Conclusion {#s0005}
==========

This study first revealed that LINC00460 expression was elevated in CRC tissues and CRC cells. Meanwhile, the elevation of LINC00460 was positively correlated with clinicopathological features and poor prognosis of patients with CRC. Our data also indicated that the oncogene LINC00460 facilitated CRC progression through mostly part of modulating miR‐613/SphK1 axis. These results revealed that the LINC00460/miR‐613/SphK1 might identify as a new therapeutic target for CRC treatment.
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[^1]: **Note:** \*p\<0.05; \*\*p\<0.01.

[^2]: **Notes:** U6 as the internal reference of LINC00460 and miR-613; GAPDH as the internal reference of Sphk1.
